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MICROSATELLITE MARKERS FOR PLANTS OF THE SPECIES 



TRITICUlVLAESm^^ TRITICEAE 



AND THE USE OF SAID MARKERS 



The invention relates to no^^e^^^iarkers for wheatSj0riticum ^ 
mstivunx^^^jind closely related speci^^feifet»^Wticeae| and to the use of said 
markers. 



The most widely spread, known, DNA-based genetic markers are the 
so-called restriction fragment length polymorphisms (RFLP) markers. For using 
these markers, genomic DNA is digested with restriction enzymes, separated on 
agarose gels and transferred to nylon membranes (Southern Blot). Specific fragments 
are detected by hybridization with radioactively labeled DNA probes. When 
mutations occur in the region of the restriction enzymes used or when smaller 
deletions/insertions occur, polymorphisms between different lines are found, which 
are passed on stably and mostly codominantly. The use of RFLP markers in 
hexaploid cultivated wheat is possible only to a limited extent, since only very little 
polymorphism is detected in wheat in this manner. 

It has already been described that microsatellite markers detect 
significantly more polymorphism between different wheat lines than do RFLP 
markers. This can be attributed particularly to the occurrence of multiple alleles per 
locus (Roder et al. 5 Mol. Gen. Genet. (1995) 246, 327 - 333). Moreover, it is known 
that microsatellite markers have the advantage that they can be detected by way of 
PCR and that therefore large amounts of samples can be analyzed more easily. 
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for the genetic analysis of plants of theyTriticum aestivun) species, which markers are 
distinguished by a degree of DNA polymorphism, which is higher than that of other 
molecular probes, that have been developed previously for the wheat genome. 



markers are based on the amplification of certain hypervariable genome sections, the 
so-called microsatellites, with the help of their polymerase chain reaction (PCR). For 
specific amplification, two primers, in each to the case left and the right in the 
flanking sequences, are required for each microsatellite locus. On the average, these 
primers are 20 ± 3 bases long and are defined by their sequences. In principle, a 
microsatellite marker is a sequence tagged site (STS), which is defined by two 
specific primers. These primers flank, in each case to the left and the right, a so- 
called microsatellite sequence. A microsatellite sequence is defined as a tandem 
repetitive repetition of a di-, tri- or tetranucleotide sequence, for example (GA) n , in 
which n > 10. Composite microsatellite sequences also occur, such as (GT) n (AT) n , as 
well as imperfect sequences, in which individual bases are mutated, such as 
(GA) n CA(GA) n . Among various lines and varieties, there is variation in the number 
of repeats at a certain locus. After amplification of the microsatellites, this leads, by 
means of the specific primers in the flanking sequences, to PCR products of different 
length and, with that, to polymorphisms. These polymorphisms are passed on stably 
and can therefore be used as genetic markers. In some cases, null alleles (no visible 
fragment) also occur, when there are mutations within the binding site for the primers. 



carried out with different technical variants. For separating the fragments, highly 
resolving agarose gels, native polyacrylamide gels or denaturing polyacrylamide gels 
(= sequencing gels) can be used. Depending on the separation system, fragments are 
detected using ethidium bromide staining, silver staining or, after labeling the PCR 



This objective 




The separation and detection of the PCR products obtained can be 
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fragments radioactively, using autoradiography, A further, very effective variation for 
separation and detection consists of the use of an automatic sequencer with dye- or 
fluorescence-labeled primers. For this purpose, it is necessary to synthesize a dye- or 
fluorescence-labeled primer from each microsatellite primer pair. PGR amplification 
results in a labeled product, which can be detected by the sequencing equipment. At 
the same time, dye- or fluorescence-labeled size standards are also separated for each 
sample in the same track. After that, special software enable the absolute size of each 
fragment, which has been separated, to be calculated and, with that, also permits 
fragments from different gel runs to be compared. With this method, several hundred 
samples can be analyzed largely automatically in a day. 



which contain the following primer pairs with assigned microsatellite sequences or a 
number thereof and amplify the loci of all chromosomes of the wheat genome and 
therefore find use for gene marking. 



Pursuant to the invention, microsatellite markers are made available, 
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These markers are distinguished by a high degree of polymorphism 
between different wheat varieties or lines and usually detect several alleles per genetic 
locus in different wheat lines. 

They can therefore be used for DNA fingerprinting, species 
identification, relationship or similarity studies, characterization of cytological lines, 
such as deletion lines, substitution lines, addition lines, etc. and all forms of genetic 
/■m^ili^f. including mapping of individual genes and quantitative 4^i!^^^^^3g^ ,J, J ^ 
ieafcwes-(QTLs). In addition, their use is also very suitable for automation and it is 
possible to carry out the detection of the products with nonradioactive methods. 

, With the help of4his-inventive'marKerrthe possibility is provided, for 
example, of differentiating almost all European wheat lines. 

The invention is described in greater detail below by means of 

examples. 

1. Amplification of the Microsatellite Markers 

The microsatellite markers are amplified according to the following 

protocol: 

10mMtris-HCl,pH8 
50 mM KC1 

1 .5 mM MgCl 2 (in a few exceptional cases 3 mM MgCl 2 ) 

0.01% (w/v) gelatin 

0.2 mM of each desoxynucleotide 

250 nM of each primer (in each case to the left and right of a pair) 
1 - 2 units taq polymerase 
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50- 150 ng matrixes (template) DNA 

are amplified in a volume of 25 or 50 jaL according to the following profile: 

92°C 3^M^ X 

92°C 1 minute (denaturing phase) 

60°C 1 minutes (annealing phase) 45 cycles 

72°C 2 minutes (elongation phase) 

72°C 10 minutes (extension phase) 

The amplification takes place in a Perkin Elmer 9600 with lid heating 
or in an MJ Research Thermocycler without lid heating. In this apparatus, a layer of 
mineral oil is placed over the reactions. The temperature of the annealing phase 
depends on the melting point (T m ) of the primer and in some cases mm* is 50°C or 
55°C. 

2. Separation of the Microsatellite Markers on Polyacrylamide Gels, Which 
Are Not Denaturing 

The PCR reactions are mixed with 1/10 volume of stop buffer (0.02 M 
tris acetate of pH 8.1, 0.025 M sodium acetate, 0.02 M EDTA, 70% glycerin, 0.2% 
SDS, 0.6% bromphenol blue, 0.6% xylene cyanol) and in each case 25 jiL are 
separated in 10% polyacrylamide gels (1.5 mm thick, 18 cm long). 

Formulation for polyacrylamide gel (10%): 

25 mL stock acrylamide solution (19 g acrylamide, 1 g bisacrylamide, diluted 
to 1 00 mL with water) 
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10 mL 5X TBE (IX TBE - 0.09 M tris borate of pH 8.3, 0.002 M EDTA 
15 mL water 

are mixed and the polymerization is started by the addition of 220 yCL of ammonium 
persulfate (10%, freshly prepared) and 20 |iL of TEMED. Immediately after the 
addition, the- mixture is poured into the sealed gel mold and the comb for forming 
pockets is inserted. The polymerization is completed after about 1 hour. The gel is 
placed in the* gel chamber and a preliminary run is carried out without samples for 
about 30 minMes at 150 volts in IX TBE, After that, the samples are loaded (25 jaL 
of each) and the separation is carried out for 14 - 16 hours at 100 volts. 

After the electrophoresis is completed, the gel is stained^-^out^" 
^.^-^^ bromide (1-2 drops of 10 mg/mL in 1 liter of water) and 

the fragments are made visible by a UV transilluminator and documented. 

3. Separation of Microsatellite Markers on Denaturing Gels 

For the separation of the amplified fragments on denaturing gels, an 
automatic laser fluorescence (A.L.F.) sequencer (Pharmacia), for example, is used. In 
order to enable the fragments to be detected by means of a laser, one primer per pair is 
marked at the 5' end with fluorescein. Per PCR reaction, 0.3 to 1.5 microliters are 
mixed with 2.5 microliters of stop buffer (deionized formamide; 5 mg/mL dextran 
blue), denatured (1 minute; 90°C) and loaded onto the gel. Gel plates with a 9 cm 
separation distance are used, as recommended by the manufacturer for the fragment 
analysis. The gel solution contains 6.5% Long-Ranger (AT Biochem), 7M urea and 
L2X TBE buffer. The gels are 0.35 or 0.5 mm thick. The conditions for the gel run 
are 600 V, 40 mA, 50 W, 0.84 s data collection interval and 2 mW laser energy. The 
gel runs are ended after about 80 to 90~r2inuitt<£» This is sufficient for detecting 
fragments up to a size of 300 bp. A gel can be used for four or five runs. For each gel 
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run, a data set is obtained. With this data set and by means of internal size standards, 
the exact fragment sizes are determined in the computer program Fragment Manager 
(Pharmacia) and thus the smallest size differences of a base pair are determined. 
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